Quantification of Long-term Survival Benefit in a Comparative Oncology Clinical Study
Novel treatments, such as immunotherapies, may have delayed clinical effect 1,2 but may be associated with longterm survival benefit in some patients. The conventional procedure using the log-rank test and hazard ratio (HR) for evaluating the long-term treatment effect on overall survival (OS) can be suboptimal in terms of interpretation and power. As an example, part A of the Figure shows KaplanMeier curves for OS comparing chemotherapy plus cetuximab and chemotherapy plus bevacizumab using reconstructed OS data for the expanded RAS wild-type subgroup in Venook et al. 3 The HR was 0.88 (95% CI, 0.72-1.08; P = .24) in favor of cetuximab numerically. Visually, the Kaplan-Meier curve for cetuximab is almost identical to that for bevacizumab to month 30 but superior to bevacizumab thereafter. This finding suggests that cetuximab might have a relatively long-term OS benefit that was not appropriately captured by HR. Long-term survival benefit is often quantified by comparing survival rates at a specific time point. For instance, at month 60, cetuximab and bevacizumab had observed survival rates of 27% and 17%, respectively. These summaries, however, do not include information on the temporal OS profile before or after month 60. In this study, using these data, we show an alternative, clinically interpretable approach to quantifying long-term survival benefit. the tail part of curve, the better long-term survival associated with the treatment. Therefore, a reasonable quantifier for a long-term survival profile would be the area under the KaplanMeier curve beyond a specific time point, for example from months 36 to 72 (shaded areas in Figure, B) , which is the restricted mean survival time (RMST) and has been discussed extensively in survival analysis. 4 The difference in RMST can be used to quantify the treatment effect. The CI and P value formulas for this group contrast are given in Zhao et al 5 and
Methods
can be obtained using R-package surv2sampleComp. For this analysis, no author had access to the study data reported by Venook et al 3 ; we reconstructed patient-level overall survival data from published information. This analysis of published data did not require institutional review board approval or informed consent from participants in the colorectal cancer study.
Results | The shaded areas in part B of the Figure correspond to 10.8 months for cetuximab and 8.3 months for bevacizumab. That is, future patients receiving cetuximab would live a mean of 10.8 months from months 36 to 72, which is 2.5 months (95% CI, 0.0-5.0 months; P = .05) longer than survival among bevacizumab-treated patients. This summary provides a clinically interpretable treatment effect associated with longer-term survival.
Another interpretation of the area under the KaplanMeier curve is the integrated survival rate. For cetuximab, the average survival rate, 30.0%, can be obtained by dividing 10.8 months by the length of the window (72 − 36 = 36 months). 5 The corresponding survival rate for bevacizumab is 23.1%. The difference of 6.9% (95% CI, 0.0%-13.9%) is more stable than the difference of OS rates at a single time point. One may fit OS data with a parametric Weibull model and estimate RMST without a 72-month ceiling. The RMST beyond 36 months is 15.6 months for cetuximab and 11.3 months for bevacizumab, with a difference of 4.4 months (95% CI, −0.8 to 10.0 months). The OS benefit from cetuximab should be interpreted cautiously because patients might receive another treatment after progression of disease.
Discussion | From the perspective of cost-risk-benefit, using a long-term survival benefit criterion for selecting anticancer therapies may be more appropriate. Although our proposed method does not require modeling assumptions and offers clinical interpretation, the estimate may be sensitive to the choice of the time window. We recommend that this window be selected based on clinical considerations. For instance, we may choose the upper 25th percentile of survival distribution from historical data under standard care as the benchmark for long-term survival evaluation. The proposed summary measure can be useful for identifying high-value subgroups of patients who would gain long-term survival benefit. 6 Unlike the conventional procedure, the proposal herein follows the intent-to-treat analysis principle and provides unbiased assessment for treatment effect. The data analysis is not based on the individual patient data collected from the colorectal cancer study but on those reconstructed from published summary data and the Figure, which represents a limitation of this study. 
